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Development of trophic state and phytoplankton in an 
oligo-mesotrophic drinking-water reservoir (Kleine Kinzig) 
in the northern Black Forest, Germany 
EBERHARD HOEHN 
Limnology Bureau Heohn (LBH), Glümerstr, 2a, D/w-7800 Freiburg, Germany 
Since 1989, intensive studies have been made on a relatively new (1983-84) oligotrophic 
reservoir and its pre-reservoir in the Black Forest. This paper briefly reports on the 
hydrochemistry, especially annual variations in phosphorus loadings, and the seasonal 
development of phytoplankton in 1989 and 1990. 
Introduction 
The drinking-water reservoir Kleine Kinzig has only been in existence since 1983-84, and it is 
the only reservoir of its kind in Baden-Würtemberg. The geological formation of its catchment 
area, which is situated in the northern Black Forest, consists of Bunter sandstone. A rare form 
of unbuffered water, low in ions and nutrients, is found here; Kleine Kinzig is one of the few 
oligotrophic lakes in Baden-Württemberg. The rainfall amounts to 1,600 - 2,000 mm per 
annum. The main reservoir has a maximum depth of 60 m and a storage volume of 13xl06 m3. 
An intensive limnological investigation of the reservoir has been carried out since 1989. Key 
problems of these investigations are acidification and algal nutrients, and their effects on the 
biocoenoses (phytoplankton (E. Hoehn), zooplankton (S. Schmidt-Halewicz) and fish (U. 
Dost)). On the largest inlet (Kleine Kinzig) there is a pre-reservoir (Zmax = 10 m, volume 
125,000 m3) which also serves as a trap to reduce the input of turbidity and nutrients into 
the main reservoir. This pre-reservoir was investigated in the same way as the main reservoir. 
The following presents the first results of the development of the phytoplankton biomass 
together with the observed phosphorus concentrations. The effectiveness of the pre-reservoir 
as a nutrient trap is hereby assessed. 
Methods 
In 1989 and 1990, the phytoplankton biomass and spectrum of species (at 0 to 20 m in the main 
reservoir and surface to bottom in the pre-reservoir), chlorophyll, oxygen, conductivity and 
under-water light were examined at intervals of 7-10 or 14 days, in each case at the deepest 
point near the dam. Chemical analysis (ionic balance, phosphorus fractions, silica, DOC and 
UV-absorption) was done monthly for the pelagic habitat and every fortnight for the three most 
important inlets. Primary production (O2 method) was determined monthly. The quantity of 
water in the inlets and outlets was registered continuously, as was global radiation. The bulk 
precipitation in the hydrological year 1990 was investigated hydrochemically (ionic balance, 
phosphorus fractions and DOC). 
Figure 1. Hydrochemistry of the Kleine Kinzig pre-reservoir and its inlet during 1989 and 1990. 
(A), Inlet flow (upper, litres s-1) and water retention-times (lower, days) for the epilimnion (—), the entire 
pre-reservoir ( ) and the "theoretical" retention-time (70% 0-PO4 elimination) 
(B), Inlet phosphorus concentrations (upper, μg P 1-1) and phosphorus loading (lower, g P d-1) for total 
phosphorus (—), orthophosphate-P ( ), total dissolved phosphorus and particulate 
phosphorus (hatched). 
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The discharge from the inlets has an essential influence on the hydrochemistry of both the pre-
reservoir and the main reservoir. It regulates the water retention-time in the pre-reservoir and 
therefore has a significant control over biological activity (algal biomass and productivity). 
Owing to the physical relief of this Black Forest region, floods drain away quickly, as 
occurred, for example, in February 1990 (Fig. 1A). The theoretical water retention-time τ was 
calculated for the epilimnion and for the total pre-reservoir. Differing from Benndorf et al. 
(1975), the epilimnion was assumed to be the upper 5-metre layer of the pre-reservoir, because 
1% of the incident radiation ordinarily could be measured at a depth greater than 5 m. In the 
epilimnic layer, 0-5 m, the mean underwater radiation was 29.5% of the incident radiation at 
the surface. It was supposed that the epilimnic layer discharges only via the overflow sill. 
Hence the water retention-time (dotted area, Fig. 1A) must range between the values for the 
total pre-reservoir (dashed line, Fig. 1A) and the values for the epilimnion (solid line, Fig. 1A). 
The curve, τ-crtical = 70% PO4-elimination in Figure 1A, shows the theoretical retention-
time during which, according to Benndorf et al. (1975) and Fachbereichstandard der DDR 
(1983), just 70% of the orthophosphate was eliminated by algal activity. This so-calculated 
retention-time is also defined as the critical retention-time, because at lower values of τ-critical 
the loss by dilution is greater than can be compensated by an increase of the phytoplankton 
(Benndorf et al. 1975). 
At times of inlet discharge higher than 110 litres s-1 the theoretical retention-time is less than 
the critical retention-time (cross-hatched area, Fig. 1A). Thus the increase of algae is only 
possible when the inlet discharge is lower than 100 litres s-1 (simple hatched area, Fig. 1A). 
Due to a leaking weir at the outlet construction of the pre-reservoir, a volume of 
approximately 66 litres s-1 is drained off by hypolimnic waters. If in dry summers the discharge 
of the entire outlet falls beneath this quantity then no more water can drain off via the overflow 
sill. In this way the thermal and hydrological conditions in the epilimnion of the pre-reservoir 
undergo a drastic change, as the water retention-time is extremely long (July-November 1989). 
At this time, high phosphorus-loadings occur in the pre-reservoir as the orthophosphate 
concentrations reach their highest levels in the inlet, exceeding 12 μg 1-1 especially in 1990 
(Fig. 1B). Concurrently there was a large increase in phytoplankton biomass, especially in the 
summer of 1989 (Fig. 2). 
From the data available it is not possible to establish any constant trend for the loss rate of 
orthophosphate. On average about 56% was removed. However, normally there is no loss of 
total phosphates; in fact on average there is an accumulation of 6%. As a rule the pre-reservoir 
is only effective as a nutrient trap when the inlets are discharging very little water. 
When discharge rates are low, as in the summer of 1989, algal growth can be limited by the 
consumption of available carbon, due to a high rate of primary production and dense 
populations of phytoplankton. As a result, pH values rise above 10, whereby aluminium 
becomes increasingly soluble; such conditions constitute a toxic environment for fish! 
Turbid materials washed in with floods are also an important factor, because they carry 
adsorbed phosphates into the reservoir. The concentrations and loadings of particulate 
phosphates during flooding, particularly in February 1990 (see hatched area in Fig. 1B), 
illustrate this. Directly after flooding in February 1990 the proportion of these particulate 
phosphates increased three-fold in the main reservoir. 
The volume-weighted concentrations of phosphorus fractions in the open (bulk) precipitation 
(Table 1) indicate that atmospheric fertilization may be postulated for the main reservoir, as 
orthophosphate is not detectable in the epilimnion in the summer. 
Phytoplankton 
During 1990, adsorptively-bound phosphates in the main reservoir provided extra nutrients for 
algae and eutrophication increased, especially after the winter floods of 1990. Thus the diatom 
Asterionella formosa appeared for the first time in the spring of 1990 and simultaneously the 
silica concentrations decreased (also see Sommer 1989). Throughout the early summer, the 
cells of Asterionella formosa sank to deeper water levels, and the population diminished 
greatly when the "clearwater phase" was reached at the end of June 1990. This phase 
developed more rapidly in 1990 than in 1989 and it lasted for a shorter period of time; in 1989 
algal biomass remained relatively high through July and August (Fig. 2). According to the PEG 
model (Sommer et al. 1986), this indicates development towards the mesotrophic state. 
Whether or not these factors, together with the appearance of Asterionella formosa, can be 
attributed to the discharge (flooding) alone and are therefore reversible, will have to be 
ascertained by further investigations. 
The biomass of Dinophyceae (main species Gymnodium uberrimum) increased significantly 
in the second half of 1990 (Fig. 3). On the other hand the chlorococcal species 
Dictyosphaerium pulchellum, which had been relatively abundant in the main reservoir in 
1989, almost disappeared in 1990, and there was also a distinct decrease in Cryptophyceae 
(Cryptomonas erosa, C. pyreniodifera and Rhodomonas minuta). The appearance of Synura sp. 
in autumn was observed again in 1990. In both 1989 and 1990 the development of the total 
biomass could be represented as a double-peaked curve, with maxima in spring and autumn 
(Fig. 3). As expected in the pre-reservoir, times with growth of phytoplankton coincide with 
times when the theoretical retention time exceeded the critical retention time (Fig. 2). 
In 1989, the summer maximum in the pre-reservoir was distinctly characterized by 
Phytomonadina (Chlamydomonas insolita, Chl. pseudopertusa) and the diatom Fragilaria 
capacina (= Synedra rumpens). A large proportion of the summer biomass also consisted of the 
tetrasporal (chlorococcal) species Pseudosphaerocystis lacustris (Fig. 2). Dinophyceae were 
only detectable in the pre-reservoir towards the close of the summer maximum (Peridinium 
inconspicuum). This group of algae apparently has a longer generation time, which was 
rendered possible during the dry summer of 1989 due to the longer water retention-time in the 
pre-reservoir. The decline of the summer maximum is accompanied by an increase in the 
appearance of the meso-zooplankton (Schmidt-Halewicz, pers. comm.). Its development is also 
Table 1. Some volume-weighted mean concentrations and amounts of nitrogen and phosphorus 
deposited in open precipitation at Kleine Kinzig in the hydrological year, 1990. 
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Figure 2. The biomass (μg l-1) of major phytoplankton groups in the Kleine Linzig pre-reservoir, in 1989 and 1990. 
Figure 3. The biomass (μg 1-1) of major phytoplankton groups in the Kleine Kinzig main reservoir, in 1989 and 1990. 
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dependent on a long water retention-time. The decrease of the summer biomass in 1989 and 
1990, despite low water discharge rates, was due to the grazing pressure of the zooplankton. 
The pattern of the development of the algal biomass in the pre-reservoir shifted from a 
single-peaked curve in summer 1989 towards double-peaked maxima in early summer and the 
autumn of 1990. Asterionella formosa appeared thereby in large amounts in the pre-reservoir, 
constituting up to 60% of the total biomass (Fig. 2). There was also an increase in 
cryptomonads. The Phytomonadina were not able to develop into the large biomass that 
occurred in 1989. However an unknown species of Chrysophyceae or Xanthophyceae 
(Nephrochloris sp.?) attained a large biomass in the spring of 1990. The autumn maximum in 
the pre-reservoir was formed in particular by the chlorococcal species Ankyra lanceolata, 
present in only small numbers in the main reservoir in the previous year. 
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